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ABSTRACT
Tetrodotoxin (TTX), paralytic shellfish poisons (PSP) and ciguateric toxins (CTXs) are the most important marine toxins causing
seafood poisoning for humans. In this report, the poisoning cases and the causative species of marine toxins in Taiwan in recent year were
reviewed. TTX poisoning cases in Taiwan were usually caused by puffer processed products such as dried dressed puffer fillet and puffer
roe, followed by toxic puffer, gastropod and goby. PSP poisoning cases in Taiwan were usually caused by gastropod and shellfish contaminated from dinoflagellate Alexandrium minutum, and the main toxins were identified as saxitoxin, neo saxitoxin and gonyautoxin1-4. For
CTXs poisoning cases, the causative species in Taiwan included snapper, moray eel and sardine, and the suspected toxins were implicated
as ciguatoxin and palytoxin. Accordingly, the system of monitoring and risk warning for marine toxins in Taiwan was formulated. The
sampling and management measures are suggested for fishery products suspected with each toxin. The monitoring objectives are toxins
and species inspections, and the analytic techniques including mouse bioassay, HPLC, GC-MS and LC-MS/MS can be employed for toxins
investigation. Furthermore, the risk warning system should focus on toxic algae, shellfish and gastropod, which implicate PSP toxins. An
alarm can be declared when the number of dinoflagellates is higher than 500 cells/L in the fish farm. The monitoring standards, control
program and warning model of marine toxins should be established as soon as possible.
Key words: marine toxin, poisoning case, monitoring, risk warning

INTRODUCTION
Taiwan and its adjunct islands are located at the tropical
and subtropical sea area, with abundant resources of seafood
and high diversity of marine species. Taiwan is a trade
center for many fishery products and other marine resources.
However, the fishery products with potential marine toxins
can cause sanitary, ecological and economic problems. For
both import and export, Taiwan government has drawn up
regulations to prevent harm from toxic fishery products.
Nevertheless, the monitoring and risk warning systems for
marine toxins are still incomplete.
Tetrodotoxin (TTX), paralytic shellfish poison (PSP)
and ciguateric toxins (CTXs) are the most important marine
toxins causing human seafood poisoning. Among most types
of marine toxin, TTX and PSP are acute neurotoxins with
high lethality(1). The risk assessment and monitoring systems
of marine toxins need to be established and implemented to
* Author for correspondence. Tel: +886-2-24622192 ext. 5103;
Fax: +886-2-24626602; E-mail: dfhwang@mail.ntou.edu.tw

prevent harm to people’s health. Presently, the monitoring
and risk warning of marine toxins mainly focused on PSP in
other regions of the world(2). However, the cases of TTX and
CTXs poisoning occurred in Asia are also common(3).
TTX affects the nervous system by blocking the propagation of the nerve impulse. TTX blocks sodium conductance
by binding to the extracellular receptor-site 1 of the sodium
channels, thus blocking membrane depolarizartion(1,4). TTX
is located in glands in the epidermis of the skin, ovary and
liver of puffer fish, and also in the secretary glands of skin
of newts(5). In some species of toxic shellfishes, TTX often
coexists with PSP toxins. Saxitoxins (STXs) and gonyautoxins (GTXs) are both hydrophilic PSP toxins, discovered
in the last century and found to contaminate seafood and
drinking water(6). PSP toxins are also potent neurotoxins that
selectively block the sodium channels, prevent nerve conduction and result in motor and sensory nerve abnormalities(4).
Ciguatera is a serious food poisoning caused by taking
tropical of subtropical coral reef fish that contains CTXs.
One of the main CTXs, ciguatoxin, has been isolated from
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the moray eel(7). Ciguatoxin is produced by Gambierdiscus
toxicus, which is usually associated with coral reefs. The toxin
and related compounds generally accumulated in herbivorous
fishes and then transferred into carnivorous fishes via the food
chain(8,9). Other CTXs family members include hydrophobic
scaritoxin and gambierol, as well as hydrophilic maitotoxin,
palytoxin and ciguaterin(1).
In Taiwan, the poisoning cases caused by TTX, PSP and
CTXs in recent years were analyzed, which include lethal
cases. Even though there exist some preventive measures for
marine toxins in Taiwan, the monitoring and risk warning
system still need to be constructed completely.

dressed fish fillet in Taiwan was reported in 1998. The fish
fillet was found with high toxicity of 525 mouse units per gram
(MU/g) by mouse bioassay. The purified toxin, analyzed with
thin layer chromatography (TLC), electrophoresis and high
performance liquid chromatography (HPLC), indicated that
the causative toxic agents were TTX and anhydro-TTX(10).
In February 2000, another incident of dried dressed fish
fillets causing food poisoning occurred in central Taiwan. The
symptoms of the 5 cases included paralysis, coma, nausea,
vomiting, ataxia, aphasia, respiratory difficulty, and death
(one case), which were similar to those of puffer poisoning.
The causative species were identified as puffer Lagocephalus
lunaris by polymerase chain reaction-restriction fragments
length polymorphism (PCR-RFLP) technique(11).
In Taiwan markets, the fish roes are sometimes sold
separately, and the customers usually don’t know which fish
species they belong to. If the roe comes from toxic puffer
species, it might cause serious food poisoning incident. In
May 1989, two persons in northern Taiwan were poisoned
by ingesting unknown fish roe, and the symptoms featured
severe cyanosis, coma, and respiratory difficulty. One 9-yearold died 3 days later. The toxicity from remained roe was
determined as 1,100 MU/g, and the toxin was identified as
TTX and anhydro-TTX(12). In January 1994, the same situation occurred in central Taiwan. TTX and anhydro-TTX were
detected from the toxic roes which caused four poisoning

I. Poisoning Cases and Causative Species of Marine Toxins
in Taiwan
(I) TTX
In Taiwan, 58 cases for TTX poisoning were reported
from 1988 to 2011, and resulted in 192 people intoxicated and
22 deaths (Table 1). Most cases of TTX poisoning in Taiwan
were caused by puffer fish, followed by gastropod (snail) and
goby.
The dried dressed fish fillet is a popular processed
product in Taiwan, but the materials used were sometimes
faked by puffer species. The first food poisoning of dried

Table 1. TTX poisoning cases occurred in Taiwan from 1988 to 2011
Year
1988

Location
Yilan; Hsinchu

Incident

Case

Death*

Mortality (%)

2

4

2

50.0

1989

Taoyuan

1

2

1

50.0

1992

Changhua; Hualien

2

4

2

50.0

1993

Changhua

1

4

0

0

1994

Changhua; Pingtung; Taitung

4

36

0

0

1995

Hsinchu

2

3

0

0

1997

Changhua; Kaohsiung

4

9

2

22.2

1998

Taoyuan; Taichung; Kaohsiung

3

5

0

0

1999

Taipei; Changhua; Tainan
Keelung; Changhua; Chiayi; Tainan;
Kaohsiung
Taipei; Taichung; Yunlin; Kaohsiung

4

14

1

7.1

6

23

4

17.4

6

21

3

14.3

2000
2001
2002

Taichung; Kaohsiung; Pingtung

3

9

3

33.3

2003

Kaohsiung

2

6

0

0

2004

Kaohsiung (Dongsha Islands)

1

6

2

33.3

2005

Pingtung (Liuqiu Islands)

1

1

0

0

2006

Kaohsiung

1

1

0

0

2007

Taipei; Yilan; Penghu

3

9

0

0

2008

Taipei; Changhua; Pingtung

3

8

0

0

2009

Taipei; Kaohsiung

3

11

1

9.1

2010

Taipei; Penghu

2

5

1

20.0

2011

Tainan; Kaohsiung

4

11

0

0

*The death number is included in case number.
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cases(13). In March 2001, the other poisoning incident was
reported in southern Taiwan. One case exhibited typical
neurotoxin symptoms after ingesting adulterated dried
mullet roe. The toxicity was measured as 3,450 MU/g, and
the toxins were identified as TTX, 4-epi TTX and anhydroTTX by HPLC and gas chromatography-mass spectroscopy
(GC-MS). After all, the causative species was determined
to be puffer L. lunaris by PCR-RFLP(14). In April 2009,
a suspected TTX poisoning was associated with eating
unknown fish in southern Taiwan. After ingestion of the fish,
the victim showed typical neurotoxin symptoms and died in
several hours. The implicated fish and deceased case tissues,
including urine, bile, cerebrospinal fluid (spinal cord), pleural
effusion, and pericardial effusion, were analyzed for TTX by
liquid chromatography-tandem mass spectrometry (LC-MS/
MS). Furthermore, the species of causative fish was identified
as puffer Chelonodon patoca by DNA sequence analysis(15).
TTX poisoning of gastropods were frequently combined
with PSP toxins, such as STXs and GTXs. According to
previous reports, TTX and PSP related food poisonings
caused by toxic gastropods occurred in 1994, 1995, 2000,
2001, 2002, 2004, 2005 and 2006 in Taiwan. The causative
species of toxic gastropods were Niotha clathrata, Zeuxis
scalaris, Nassarius castus, Na. conoidalis, Polinices didyma,
Z. sufflatus, Oliva miniacea, O. mustelina, O. hirasei, Na.
papillosus, Na. gruneri, and Na. glans(6,11,16-21). In addition,
a poisoning case occurred in southern Taiwan, November
2006. The victim’s serum, analyzed by HPLC and LC-MS/
MS, contained trace amount of TTX (3.30 ± 0.08 ng/mL). The
analytic linearity was observed within concentration range
of 1-100 ng/mL and the limit of detection was 0.1 ng/mL,
indicating that LC-MS/MS is a more sensitive and reliable
method for TTX determination than LC-MS(22).
Gobies are also TTX-containing marine fish. In 1995
and 1997, two paralytic food poisoning incidents occurred
by ingesting gobies in northern and southern Taiwan. Both
species of causative gobies were identified as Yongeichthys
nebulosus, and the toxins were determined as TTX and
anhydro-TTX(23,24). In order to understand the toxic distribution, gobies in Taiwan were extensively investigated
from 1996 to 1998. Among 12 goby species, three species
of Y. nebulosus, Prachaeturichtys palynema, and Radigobius
caninus were found to contain TTX and anhydro-TTX. Y.
nebulosus is the most toxic goby, and its toxicity was more
than 1,000 MU/specimen(25). In May 2004, several species of

xanthid crabs in southern Taiwan were also found with TTX.
The average toxicity of crab specimens was 347 ± 276 MU
for Demania cultripes, 59 ± 17 MU for D. toxica, 324 ± 114
MU for D. reynaudi, 214 ± 65 MU for Lophozozymus incisus,
184 ± 85 MU for L. pictor, and 611 ± 471 MU for Atergatopsis germaini. Analyses by LC-MS and GC-MS showed
that these crab species all contained TTX(26). Fortunately, no
food poisoning from crab has been reported so far in Taiwan.
(II) PSP
A total of 5 incidents of PSP poisoning was reported
from 1986 to 2007 in Taiwan, which caused 153 people intoxicated and 2 deaths (Table 2). The causative species included
shellfish Soletellina diphos, and gastropods Ni. clathrata, Z.
scalaris and Na. papillosus.
About 30 cases including 2 deaths were reported for a
food poisoning incident in southern Taiwan in January 1986.
The causative species was determined as cultured purple
clam S. diphos. The digestive gland of S. diphos showed
extremely high toxicity (2,000 ± 1,600 MU/g), and the
toxins were identified as GTX1-4, along with trace amount
of STXs(27). In February 1992, purple clam S. diphos again
caused food poisoning in southern Taiwan. The clam specimens, sediment, and dinoflagellate Alexandrium minutum
from the aquaculture pond were analyzed with toxicity as
1,700 MU/specimen, 0.05 MU/g and 3.6 × 10-5 MU/cell,
respectively. The toxins within purple clam S. diphos were
proved as GTX1-4 and STXs(28). In southern Taiwan, another
poisoning incident occurred in May 1994. The responsible
toxins were elucidated in causative gastropods Ni. clathrata
and Z. scalaris. The average toxicity of remained (cooked)
and captured (live) gastropods were 150 ± 126 and 345 ±
192 MU/specimen in Ni. clathrata, and 13 ± 9 and 98 ± 46
MU/specimen in Z. scalaris, respectively. Cellulose acetate
membrane electrophoresis, TLC, and HPLC analyses demonstrated the toxin consisted mainly of TTX (~80%) along with
minor PSP toxins (~20%). The PSP components were identified as GTX1-4 and neoSTX in both species of gastropods(6).
In October 2005, a food poisoning caused by gastropod
Na. papillosus was reported in Liuchiu Island, Taiwan. The
symptoms of a victim showed general paresthesia, paralysis
of phalanges and extremities, paralysis, coma, and aphasia.
The toxicity of remaining specimens of the digestive gland
and other portions was 296 ± 120 and 382 ± 156 MU/

Table 2. PSP poisoning cases occurred in Taiwan from 1986 to 2007
Year

Location

Incident

Victim

Death*

Mortality (%)

1986

Pingtung; Kaohsiung

1

116

2

1.7

1991

Chiayi

1

8

0

0

1994

Pingtung

1

26

0

0

2005

Pingtung (Liuqiu Islands)

1

1

0

0

2007

Tainan

1

2

0

0

*The death number is included in case number.
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specimen, respectively. The purified toxins from gastropods
were analyzed by HPLC and LC-MS as TTX 42-60 µg/g
(~90%), along with minor PSP 3-6 µg/g (~10%). The PSP
toxins in this case included GTX2, GTX3, and neoSTX(17).
(III) CTXs
In Taiwan, 16 incidents in total for CTXs poisoning were
reported from 1991 to 2011, and caused 46 people intoxicated and 2 deaths (Table 3). The causative fishes are limited
to several definite coral reef species including red snapper,
moray eel, doctor fish, toothed jobfish, and sardine.
In Taiwan, the first CTXs poisoning incident reported was
by ingesting the liver of snapper in 1991. Snapper (Lutjanidae
fish) is a carnivorous coral reef fish that distributed in sea
areas around Taiwan. In December 2008 in southern Taiwan,
another food poisoning incident occurred due to the ingestion of snapper, and the toxicity of causative fish residue was
investigated as 1.29 MU/g. According to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and PCR-RFLP, the poisonous sample was identified as
Lutjanus bohar, which is also a notorious Lutjanidae species
containing CTXs(29).
In April 2004, a food poisoning incident occurred by
ingesting unknown moray eel in northern Taiwan. After
injecting with the extract of the causative moray eel viscera,
the mice appeared to have diarrhea and breathing difficulty,
and then died. The toxicity of viscera was determined as 0.12
MU/g. The species of causative moray eel was identified as
Gymnothorax javanicus based on DNA sequence analysis
and PCR-RFLP(30). In 2004, five victims developed nausea,
vomiting, watery diarrhea, and myalgias after eating eggs
of barracuda fish, and numbness of the lips and extremities
followed the gastrointestinal symptoms. Other manifestations included hyperthermia, hypotension, bradycardia, and
hyperreflexia. The toxicity of the remaining eggs was 0.05
MU/g by mouse bioassay(31). In July 2011, a lethal poisoning
case occurred by ingesting unknown fish species in eastern
Taiwan. The causative species was identified as sardine, and
the responsible toxin from residue fish was initially determined as palytoxin, one of ciguateric toxins. However, after
investigating the specimens of sardine from the same fish
market, the toxicity wasn’t detected at all. The palytoxin
existence in species of sardine need further study.
II. The Plan of Monitoring and Risk Warning for Marine
Toxins in Taiwan
The plan of monitoring and warning for marine toxins
in Taiwan was schemed out as shown in Figure 1. For the
aspect of trade, the suspected toxic fishery products, toxicity,
high risk fishing grounds and poisoning cases are monitored,
and all species implicated to TTX, PSP or CTXs are prohibited from import and export. On the other hand, the aspect of
manufacture includes the source of materials, processing and
markets. The suspected toxic fishery products, toxicity, high
risk fishing grounds, poisoning cases, and seasonal variation

Table 3. CTXs poisoning cases occurred in Taiwan from 1991 to
2011
Year

Location

1991

Taipei

Incident

Case

Death*

Mortality
(%)

1

5

0

0

1993

Pingtung

1

2

0

0

1997

Kaohsiung

2

4

0

0

1998

Pingtung

1

1

1

100

1999

Changhua

1

3

0

0

2000

Pingtung

1

7

0

0

2004

Taipei;
Kaohsiung

5

15

0

0

2006

Tainan

2

6

0

0

2008

Pingtung

1

1

0

0

2011

Taitung

1

2

1

50.0

*The death number is included in case number.

are monitored for manufacture aspect. The restricted species
and related products suspected with TTX or CTXs are prohibited for sell in markets, and the emergency management
system will be activated when PSP toxicity of target algae is
higher than the statutory standard.
(I) Sampling and Management
1. TTX Related Fishery Products
The seafood products of TTX related marine species
are suggested to be managed and sampled in each region of
Taiwan. According to the law of trade, all species of puffer
and related processed products are prohibited to import into
Taiwan. The three regional management centers in Taiwan
are northern, middle and southern under Taiwan Food and
Drug Administration (TFDA). Each of the management
centers can operate in coordination with local fishery offices
and public health offices. The responsibility of management
centers is to strictly forbid domestic business transaction,
export and import of the seafood products of TTX related
marine species.
Prohibition of capture, selling or processing of TTX
related species should be bulletined and propagandized by
each management center. The sampling frequency for fresh
puffer species should be enhanced from December to March
because most TTX food poisoning incidents derived from
puffer are in this period. However, products of dried dressed
fish fillets, as puffer-made suspects, should be managed the
whole year round. Before entering to markets, the dried
dressed fish fillets should be examined for toxicity, and
labeled the species name on the package. All products of
dried dressed fish fillets must be managed and investigated.
2. PSP Related Fishery Products
The fishery products of PSP related marine species,
including shellfish and gastropod, are suggested to be
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Figure 1. The monitoring and risk warning model for Taiwan.

managed and sampled in each regional management centers
in Taiwan as described above. The toxicity inspection reports
of shellfish and gastropod should be attached to the batch
before import or export.
The water, shellfish and gastropod from all domestic fish
farms need to be sampled and investigated by the season. In
December to March, the monitoring of water, shellfish and
gastropod from fish farms should be enhanced because the
PSP toxins are largely produced in this period. According
to FAO and Codex regulations, if the PSP toxicity of the
aquaculture water, shellfish or gastropod is higher than
80 µg/100 g or 400 MU/100 g, the fish farm should be closed
and cleaned(32). The products of shellfish or gastropod from
the fish farm are not allowed to sell in markets until the
toxicity tested and conforms to the standard.
3. CTXs Related Fishery Products
The seafood products of CTXs related marine species,
including snapper, moray eel, doctor fish, toothed jobfish,
and sardine, are suggested to be managed and sampled in
each regional management center in Taiwan as described
above. The coral reef fish which weighing more than 3 kg is
generally defined as CTXs suspect(33). Therefore, the toxicity
inspection reports should be attached for CTXs suspected fish
before import or export in Taiwan.
The specimens of CTXs suspected coral reef fish should
be sampled and investigated in each month in markets. Before
selling to the market, the toxicity test of CTXs should be

negative in suspected fish. Each product of large-sized coral
reef fish must be managed and investigated.
(II) Monitoring Range and Criteria
The monitoring range includes captured and cultured
fish, processed seafood products, and water from fish farms.
The investigated criteria can be distinguished as inspection of
toxins and species.
1. Inspection of Toxins
The minimal lethal dose of TTX is 8 µg/kg, while the
LD50 was estimated to be 10 µg/kg(34). The TTX derivatives
include 4,9-anhydro TTX, 4-epi tetrodotoxin (4-epi TTX),
4,9-anhydro-11-deoxy TTX, and tetrodonic acid (TDA).
Among all TTX complexes, TTX itself is the most toxic,
one should be the target toxin for inspection. The analytic
methods for TTX are suggested as mouse bioassay, HPLC,
GC-MS and LC-MS/MS(16,35).
PSP toxins include STX, GTX1-6, carbamoyl 1-4
(C1-4), neosaxitoxin (neoSTX) and decarbamoyl. Among
them, the toxicity of STX is the highest (2,483 MU/µmol)
(1,36)
. The target toxins for PSP inspections are mainly STX,
neoSTX and GTX1-4, and the suggested analytic methods
are mouse bioassay, HPLC, and LC-MS/MS(37).
Beside ciguatoxin, the ciguateric toxins include hydrophobic scaritoxin and gambierol, and hydrophilic maitotoxin,
palytoxin and ciguaterin(1). The ciguateric toxins usually
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accumulate in the contaminated coral reef fish and it’s
difficult to choose a unique target. Recently, the suggested
analytic methods from European Food Safety Authority
(EFSA) are mouse bioassay and LC-MS/MS for ciguatoxin,
and mouse bioassay, hemolysis, HPLC-UV and LC-MS/MS
for palytoxin(2).
2. Inspections of Species
To determine if the seafood product is toxic, the species
needs to be identified. Live or fresh specimens can be identified by morphological characters. However for unrecognizable or processed products, biological techniques such as
DNA sequencing, PCR-RFLP, species-specific PCR or SDSPAGE should be further employed in the laboratory(38,39). In
addition, mitochondrial DNA (mtDNA) sequences are useful
markers for phylogenetic studies, and the analysis of mtDNA
could also help differentiate fish species by PCR-related techniques. In previous studies, raw and processed fishes have
been successfully identified by PCR along with restriction
enzyme analysis(29,40).
TTX mainly concentrates in fish of the Tetraodontidae
family including puffer fish. TTX has also been found in
gastropods (snails), gobies, xanthid crabs, some newts, and
blue-ringed octopus(4). In most TTX bearing species, the
toxins accumulated mainly in the gonad, liver, viscera and
skin(3). In the markets of Taiwan, dried dressed fish fillet and
fish roe products of uncertain origins are recommended to
be investigated periodically. Beside gastropods, high risk
species with PSP toxins include shellfish such as clam,
oyster, mussel, and scallop, and the toxins mainly accumulate
in their gonad, viscera, and muscle. On the other hand, PSP
toxins are produced by toxic marine dinoflagellates, especially Alexandrium spp. and Gymnodinium catenatum(41).
Therefore, the algae species suspected with PSP toxins in
the fish farms also need to be investigated to diminish the
contamination of cultured shellfish and gastropod. Ciguateric
toxins exist mostly in the muscle and liver of some tropical
or subtropical coral reef fish, including red snapper, moray
eel, doctor fishe, toothed jobfish and sardine(29). Coral reef
fish with body weight more than 3 kg is generally defined
as CTXs suspect and is suggested to be investigated(33).
Common marine species with TTX, PSP and CTXs in Taiwan
are listed in Table 4.
(III) Risk Warning System
The risk warning system in Taiwan can be divided into
trade and manufacture aspects. The risk warning mainly
focused on collection of information, analysis of poisoning
cases, and establishment of monitoring system. When export
or import fishery products of species suspected with marine
toxins, the specimens should be investigated, recorded, and
information provided to trading partners.
1. Risk Warning for PSP Related Species
Generally, the risk warning of marine toxins focused on
toxic algae, shellfish and gastropod. For fishing grounds and

fish farms, if red tide occurs or the dinoflagellates, especially
Alexandrium spp. and Gymnodinium catenatum appear at high
concentration, the water area should be closed for fishing.
The suggested limit of dinoflagellates is 500 cells/L(42). If
the number of A. minutum or other dinoflagellates reaches
500-1,000 cells/L, the shellfish and gastropod in the water are
considered potential PSP contained products, and the “First
warning alarm” declared for water quality improvement.

Table 4. Marine species with TTX, PSP and CTXs in Taiwan
Species

Toxins Species

Puffer

Toxins

Shellfish

Arothron firmamentum

TTX

Atrina pectinata

PSP

Auriglobus silus
Carinotetraodon
travancoricus
Chelonodon patoca

TTX

Soletellina diphos

PSP

TTX

Crab

TTX

Atergatopsis germaini

Lagocephalus inermis

TTX

Atergatis floridus

TTX/PSP

Lagocephalus lunaris

TTX

Demania reynaudi

TTX/PSP

Takifugu xanthopterus

TTX

Lophozozymus pictor

TTX/PSP

Takifugu oblongus

TTX

Xanthias lividus

TTX/PSP

Takifugu niphobles

TTX

Zosimus aeneus

TTX/PSP

Takifugu rubripes

TTX

Goby

Takifugu poecilonotus

TTX

Yongeichthys nebulosus

TTX

Babylonia japonica

TTX

TTX

Babylonia formosae

TTX

Octopus
Hapalohlaena
maculosus
Moray eel

Charonia sauliae

TTX

Nassarius castus

TTX

Nassarius glans

TTX

Gymnothorax javanicus CTXs
Gymnothorax flavimaCTXs
rginatus
Other coral reef species

Nassarius gruneri

TTX

Lutjanus bohar

CTXs

Oliva miniacea

TTX

Lutjanus erythropterus

CTXs

Oliva mustelina

TTX

Lutjanus gibbus

CTXs

Oliva hirasei

TTX

Aphareus rutilans

CTXs

Polinices didyma

TTX

Lutjanus sebae

CTXs

Rapana venosa venosa

TTX

Lutjanus monostigma

CTXs

Rapana rapiformis

TTX

CTXs

Zeuxis sufflatus

TTX

Crassostrea gigas

PSP

Lutjanus stellatus
Symphorus nematophorus
Cephalopholis miniata

Turbo marnoratus

PSP
TTX/
PSP
TTX/
PSP
TTX/
PSP
TTX/
PSP
TTX/
PSP

Gastropod

Natica lineata
Natica vitellus
Nassarius papillosus
Niotha clathrata
Zeuxis scalaris

Cephalopholis argus
Epinephelus fuscoguttatus

TTX

CTXs
CTXs
CTXs
CTXs

Siganus fuscescens

CTXs

Scarus gibbus

CTXs

Sphyraena barracuda

CTXs

Ctenochaerus striatus

CTXs
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Furthermore, the “Second warning alarm” will be declared
when the number of A. minutum or other dinoflagellates
reached 1,000-10,000 cells/L, and then the water area needed
to be closed temporary and cleaned immediately. When
the number of A. minutum or other dinoflagellates is over
10,000 cells/L, the water area is prohibited for fishing or cultivation, and the fishery products should be investigated(43).
According to FAO and Codex regulations, if the PSP toxicity
of the aquaculture water, shellfish or gastropod is higher than
80 µg/100 g or 400 MU/100 g, the fish farm should be closed
and cleaned(32).
2. Risk Warning for other Toxic Species
For TTX and CTXs related fishery products, the inspection for high risk species should be carried out. The toxic
fishery products such as puffer are banned to sell in markets.
If TTX or CTXs poisoning occurred, the related seafood
needs to be investigated immediately, and the fishing ground
producing toxic products should be closed for fishing and
monitored. The information of fish species, fishing period,
spawning season and fishing ground of toxic incidence is
necessary for judging seafood safety, and should provide to
trading partners.

Journal of Food and Drug Analysis, Vol. 20, No. 4, 2012

9.

10.
11.

12.
13.
14.

15.

ACKNOWLEDGMENTS
This study was supported by Taiwan Food and Drug
Administration, Department of Health (DOH100-FDAA1004), R.O.C.

16.

REFERENCES

17.

1. Tubaru, A. and Hungerford, J. 2007. Toxicology of
marine toxins. In “Veterinary Toxicology: Basic and
Clinical Principles”. 1st ed. pp. 725-752. Gupta, R. C. ed.
Elsevier Ltd. New York, USA
2. EFSA. 2010. Scientific opinion on marine biotoxins in
shellfish-emerging toxins: ciguatoxin group. EFSA J.
1627: 1-29.
3. Noguchi, T., Arakawa, O. and Takatani, T. 2006. Toxicity
of pufferfish Takifugu rubripes cultured in netcages at sea
or aquaria on land. Comp. Biochem. Physiol. 1: 153-157.
4. Isbister, G. K. and Kiernan, M. C. 2005. Neurotoxic
marine poisoning. Lancet Neurol. 4: 218-228.
5. Hwang, P. A., Tsai, Y. H., Lin, H. P. and Hwang, D. F.
2007. Tetrodotoxin-binding proteins isolated from five
species of toxic gastropods. Food Chem. 103: 1153-1158.
6. Hwang, D. F., Cheng, C. A. and Tsai, H. T. et al. 1995.
Identification of tetrodotoxin and paralytic shellfish
toxins in marine gastropods implicated in food poisoning.
Fish. Sci. 61: 675-679.
7. Lewis, R. J. 2001. The changing face of ciguatera.
Toxicon 39: 97-106.
8. Homes, M. J., Lewis, R. J., Poli, M. A. and Gillespie,
N. C. 1991. Strain dependant production of ciguatoxin

18.

19.

20.

21.

22.

precursors (gambier toxin) by G. toxicus (Dinophyceae)
in culture. Toxicon 29: 761-775.
Poli, M. A., Lewis, R. J. and Dickey, R. W. et al. 1997.
Identification of Caribean ciguatoxins as the cause of an
outbreak of fish poisoning among U.S. soldiers in Hiti.
Toxicon 35: 733-741.
Du, S. J., Fu, Y. M. and Shih, Y. C. et al. 1999. First report
on suspected food poisoning with ingestion of dried
seasoned fish fillet. J. Food Drug Anal. 7: 163-167.
Hwang, D. F., Hsieh, Y. W., Shiu, Y. C., Chen, S. K. and
Cheng, C. A. 2002. Identification of tetrodotoxin and
fish species in dried dressed fish fillet implicated in food
poisoning. J. Food Prot. 65: 389-392.
Hwang, D. F., Chung, C. R., Lin, L. C. and Jeng, S. S.
1989. Tetrodotoxin-associated food poisoning due to
ingesting fish roe. J. Biomed. Lab. Sci. 4: 278-283.
Cheng, C. A., Wang, C. L. and Chou, S. S. et al. 1995.
Food poisoning due to ingestion of fish roe. J. Chin. Nutr.
Soc. 20: 83-92.
Hsieh, Y. W., Hwang, P. A., Pan, H. H., Chen, J. B. and
Hwang, D. F. 2003. Identification of tetrodotoxin and
fish species in an adulterated dried mullet roe implicated
in food poisoning. J. Food Sci. 68: 142-146.
Wu, Y. J., Cheng, Y. J. and Jen, H. C. et al. 2011. Liquid
chromatography-tandem mass spectrometry determination of the toxicity and identification of fish species in a
suspected tetrodotoxin fish poisoning. J. Food Prot. 74:
789-795.
Hwang, P. A., Tsai, Y. H., Lu, Y. H. and Hwang, D. F.
2003. Paralytic toxins in three new gastropod (Olividae)
species implicated in food poisoning in southern Taiwan.
Toxicon 41: 529-533.
Jen, H. C., Lin, S. J. and Lin, S. Y. et al. 2007. Occurrence of tetrodotoxin and paralytic shellfish poisons in
a gastropod implicated in food poisoning in southern
Taiwan. Food Addit. Contam. 24: 902-909.
Liu, F. M., Fu, Y. M. and Shih, D. Y. C. 2004. Occurrence of tetrodotoxin poisoning in Nassarius papillosus
Alectrion and Nassarius gruneri Niotha. J. Food Drug
Anal. 12: 189-192.
Shiu, Y. C., Lu, Y. H., Tsai, Y. H., Chen, S. K. and Hwang,
D. F. 2003. Occurrence of tetrodotoxin in the causative
gastropod Polinices didyma and another gastropod
Natica lineata collected from western Taiwan. J. Food
Drug Anal. 11: 159-163.
Yang, C. C., Han, K. C., Lin, T. J., Tsai, W. J. and Deng, J.
F. 1995. An outbreak of tetrodotoxin poisoning following
gastropod mollusc consumption. Hum. Exp. Toxicol. 14:
446-450.
Yin, H. L., Lin, H. S. and Huang, C. C. et al. 2005. Tetrodotoxication with nassarius glans: a possibility of tetrodotoxin spreading in marine products near Pratas island.
Am. J. Trop. Med. Hyg. 73: 985-990.
Jen, H. C., Lin, S. J. and Tsai, Y. H. et al. 2008. Tetrodotoxin poisoning evidenced by solid-phase extraction
combining with liquid chromatography-tandem mass
spectrometry. J. Chromatogr. B 871: 95-100.

771
Journal of Food and Drug Analysis, Vol. 20, No. 4, 2012

23. Lin, S. J., Cheng, C. A. and Tsai, Y. H. et al. 1996. Food
poisoning due to ingestion of goby Yongeichthys nebulosus Forsskal. J. Food Drug Anal. 4: 359-364.
24. Lin, S. J., Chen, J. B., Hsu, K. T. and Hwang, D. F. 1999.
Acute goby poisoning in southern Taiwan. J. Nat. Toxins
8: 141-147.
25. Lin, S. J., Hwang, D. F., Shao, K. T. and Jeng, S. S. 2000.
Toxicity of Taiwanese gobies. Fish. Sci. 66: 547-552.
26. Tsai, Y. H., Ho, P. H. and Hwang, C. C. et al. 2006. Tetrodotoxin in several species of xanthid crabs in southern
Taiwan. Food Chem. 95: 205-212.
27. Hwang, D. F., Noguchi, T., Nagashima, Y., Liao, I. C. and
Hashimoto, K. 1987. Occurrence of paralytic shellfish
poison in the purple clam Soletellina diphos (bivalve).
Nippon Suisan Gakk. 53: 623-626.
28. Hwang, D. F., Tsai, Y. H., Cheng, C. A. and Jeng, S. S.
1992. Comparison of paralytic toxins in aquaculture of
purple clam in Taiwan. Toxicon 30: 669-672.
29. Lin, W. F., Lyu, Y. C., Wu, Y. J., Lu, C. H. and Hwang,
D. F. 2012. Species identification of snapper: A food
poisoning incident in Taiwan. Food Control 25: 511-515.
30. Tsai, W. L., Chen, H. M., Hsieh, C. H., Lin, W. F. and
Hwang, D. F. 2009. A potential methodology for differentiation of ciguatoxin-carrying species of moray eel.
Food Control 20: 575-579.
31. Hung, Y. M., Hung, S. Y. and Chou, K. J. et al. 2005.
Short report: persistent bradycardia caused by ciguatoxin
poisoning after barracuda fish eggs ingestion in southern
Taiwan. Am. J. Trop. Med. Hyg. 73: 1026-1027.
32. Spencer, B. E. 2002. Bivalve cultivation in the UK: structuring influences. In “Molluscan Shellfish Farming”. 1st
ed. pp. 1-27. Blackwell Publishing. Oxford, U.K.
33. Ting, J. Y. S. and Brown, A. F. 2001. Ciguatera poisoning:
a globe issue with common management problems. Eur.
J. Emerg. Med. 8: 295-300.

THE 20TH ANNIVERSARY ISSUE

34. Kao, C. Y. 1966. Tetrodotoxin, saxitoxin and their significance in the study of excitation phenomena. Pharmacol.
Res. 18: 997-1049.
35. Hwang, D. F. and Noguchi, T. 2007. Tetrodotoxin
poisoning. Adv. Food Nutr. Res. 52: 141-236.
36. Oshima, Y. 1995. Post column derivatization liquid
chromatographic method for paralytic shellfish toxin. J.
AOAC Int. 78: 528-532.
37. EFSA. 2009. Marine biotoxins in shellfish-Saxitoxin
group scientific opinion of the panel on contaminants in
the Food Chain. EFSA J. 1019: 1-76.
38. Desalle, R. and Birstein, V. J. 1996. PCR identification of
black caviar. Nature 361: 197-198.
39. AOAC. 1996. Official methods of analysis. 16 th ed.
Association of Official Analytical Chemists. Arlington,
U.S.A.
40. Hsieh, H. S., Chai, T. J. and Hwang, D. F. 2005. Rapid
PCR-RFLP method for the identification of 5 billfish
species. J. Food Sci. 70: 246-249.
41. Llewellyn, L. E. 2006. Saxitoxin, a toxic marine natural
product that targets a multitude of receptors. Nat. Prod.
Rep. 23: 200-222.
42. Haberkorn, H., Tran, D. and Massabuau, J. C. et al.
2011. Relationship between valve activity, microalgae
concentration in the water and toxin accumulation in the
digestive gland of the Pacific oyster Crassostrea gigas
exposed to Alexandrium minutum. Mar. Pollut. Bull. 62:
1191-1197.
43. Andersen, P. 1996. Design and implementation of
harmful algal. Some monitoring systems. In “IOC Technical Series 44” pp. 102. UNESCO. Paris, French.

